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EXHAUST AIR REMOVAL SYSTEM

FIELD OF THE INVENTION
The invention relates to an exhaust air removal system for removing thermal exhaust

air produced by equipment during operation.

BACKGROUND OF THE INVENTION

Communications and information technology equipment is commonly designed for
mounting to racks and for housing within enclosures. Equipment racks and enclosures are
used to contain and to arrange communications and information technology equipment, such
as servers, CPUs, internetworking equipment and storage devices, in small wiring closets as
well as equipment rooms and large data centers. An equipment rack can be an open
configuration and can be housed within a rack enclosure. A standard rack typically includes
front-mounting rails to which multiple units of equipment, such as servers and CPUgs, are
mounted and stacked vertically, and typically has a footprint of about 23 by 42 inches. The
equipment capacity of a standard rack relates to the heigﬁt of the mounting rails. The height
is set at a standard increment of 1.75 inches, which is expressed as "U" units or the "U"
height capacity of a rack. A typical U height or value of a rack is 42 U. A standard rack at
any given time can be sparsely or densely populated with a variety of different components as
well as with components from different manufacturers.

Most rack-mounted communications and information technology equipment

consumes electrical power and generates heat. Heat produced by rack-mounted equipment

can have adverse effects on the performance, reliability and useful life of the equipment
components. In particular, rack-mounted equipment housed within an enclosure is

particularly vulnerable to heat build-up and hot spots produced within the confines of the
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enclosure during operation. The amount of heat generated by a rack is dependent on the
amount of electrical power drawn by equipment in the rack during operation. Heat output of
arack can vary from a few watts per U unit of rack capacity to over 1 kW per U unit,
depending on the number and the type of components mounted to the rack. Users of
communications and information technology equipment add, remove, and rearrange rack-
mounted components as their needs change and new needs develop. The amount of heat a
given rack or enclosure can generate, therefore, can vary considerably from a few tens of
watts up to about 10 kW.

Rack-mounted equipment typically cools itself by drawing air along a front side or air
inlet side of a rack or enclosure, drawing air through its components, and subsequently
exhausting air from a rear or vent side of the rack or enclosure. Air flow requirements to
provide sufficient air for cooling, thus, can vary considerably as a result of the number and
the type of rack-mounted components and the configurations of racks and enclosures.
Generally, most configurations e;nd designs of information technology equipment require
cooling air to flow at a rate of about 180 cubic feet per minute (cfm) per kilowatt of power
consumed such that a rack drawing 10 kW of electrical power would require an air flow rate
of about 1,800 cfm.

Equipment rooms and data centers are typically equipped with an air conditioning or
cooling system that supplies and circulates cool air to rack-mounted equipment and
enclosures. Many air conditioning or cooling systems, such as the system disclosed in U.S.
Patent Application Publication No. U.S. 2001/0029163 A1, Application Serial No.
09/784,238, require that an equipment room or data center have a raised floor construction to
facilitate the system's air conditioning and circulation functions. Referring to Fig. 1, the
cooling system of the referenced application provides cool air by means of closed-loop air

circulation and includes a raised floor 2 disposed above a base floor 5 of an equipment room.
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The raised floor 2 and the base floor 5 define an air passageway 6 into which an air cooling
unit 14 delivers cool air. The air passageway 6 is connected to one portion of an equipment
rack or enclosure 8 and is configured to channel cool air through the passageway to front
portions of equipment 7 housed in the enclosure 8. Cool air flows across the equipment 7
into a plenum 8c and ascends through the plenum 8c into a plurality of ducts 24. Exhaust air
vents from the ducts 24 into a return plenum 4. The return plenum 4 is connected to the air
cooling unit 14 and is configured to deliver exhaust air to the air cooling unit 14 for cooling
and subsequent recirculation to the equipment room.

Alternatively, air cooling systems and methods use open floor tiles and floor grills or
vents to deliver cool air from the air passageway disposed below the raised floor of an
equipment room. Open floor tiles and floor grills or vents are typically located in front of
equipment racks and enclosures, and along aisles between rows of racks and enclosures
arranged side-by-side.

The cooling systems and methods that require a raised floor construction typically do
not efficiently meet the cooling requirements of rack-mounted equipment. In particular,
racks that include high power equipment having a thermal exhaust air output above 5 kW and
up to 10 kW present a particular challenge for such systems and methods. A raised floor
construction typically provides an open floor tile or a floor grill or vent having a venting area
of about 12 by 12 inches and is configured to deliver from about 200 to about 500 cfm of
cool air. The air flow rate from the venting area is dependent on such factors as static air
pressure and the presence of other floor tiles such that, in practice, a floor tile typically
delivers from about 100 to about 200 cfm of air. A rack of high power equipment drawing up
to 10 kW and requiring an air flow of approximately 1,800 cfm, therefore, would need at
least about 3.5 to about 5 open floor tiles, grills or vents disposed around the rack's perimeter

to supply sufficient cool air to meet its cooling requirements. Such a floor configuration
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would be difficult to achieve in equipment rooms crowded with racks and enclosures, and
impossible to implement if racks and enclosures are arranged side-by-side in rows. Air
cooling systems and methods that incorporate raised floor configurations, thus, are typically
only used with racks and enclosures spaced apart to provide sufficient floor area to
accommodate multiple open floor tiles, grills or vents. For typical rack spacing, this places a
limit on the density of equipment that can be achieved. In addition, such air cooling systems
and methods must supply cold air through open floor tiles, grills or vents to meet the cooling
requirements of equipment having high thermal exhaust air output.

Equipment rooms and data centers are often reconfigured to meet new and/or different
equipment needs that require individual racks and enclosures to be relocated and/or replaced.
In this context, raised floor air cooling systems and methods are inflexible and can typically
only be reconfigured and/or retrofitted to service rearranged, relocated and/or newly installed
equipment racks at considerable cost. Raised floor configurations cannot easily and
inexpensively accommodate the manner by which users typically deploy equipment racks and
reconfigure equipment rooms and data centers to meet their new or changing needs.

In addition, cooling systems and methods that require raised floor construction lack
physical flexibility and portability to operatively account for a wide variation in electrical
power consumption between different racks and enclosures in an equipment room, and, in
particular, between racks and enclosures located in the same row. Cooling systems and
methods that rely upon raised floor air passageways -and open floor tiles, grills or vents to
supply cool air cannot easily and inexpensively vary or concentrate cool air to those high
power racks that consume relatively large amounts of electrical power and have a high
thermal air exhaust output. In addition, newly installed equipment may draw more electrical
power than replaced or existing equipment to create thermal problem areas in functioning

'

equipment rooms.
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Further, cooling systems and methods that depend upon raised floor construction
cannot physically accommodate specific areas in equipment rooms with thermal problems.
For example, such systems and methods cannot overcome exhaust problems where hot and
warm exhaust air is not effectively vented from an equipment room and/or returned to an air
conditi‘oning or cooling system without considerable expense to reconfigure and/or retrofit
the air systems and/or the racks and enclosures. Such exhaust problems can also cause hot
and warm exhaust air to recirculate to racks and enclosures, raising operating temperatures of
equipment and, in particular, equipment with high power consumption and/or equipment
located in areas of an equipment room with thermal problems. Similarly, raised floor cooling
systems and methods cannot account for local thermal problems where hot and warm exhaust
air from one rack is drawn into adjacent and/or proximate racks causing equipment
overheating. Raised floor cooling systems and methods cannot easily retrofit to existing
cooling systems of an equipment room or data center or to existing equipment racks.

Air cooling systems and methods that require raised floor configurations also reduce
available headroom in equipment rooms and data centers. Wires housed within air
passageways below raised floors are difficult to access. In addition, such air passageways are
difficult to clean. Open floor tiles and floor grills or vents also pose a safety risk to

personnel. In addition, raised floor construction presents a risk of collapse during earthquake.

SUMMARY OF THE INVENTION
In general, in an aspect, the invention provides a system for exhausting air from an
equipment enclosure and returning air to an air conditioner. The system includes an exhaust
unit that couples to a back section of the equipment enclosure, the exhaust unit having at least
one duct to direct air to a top portion of the exhaust unit. The system includes an exhaust

duct that has a first end and a second end, the first end being constructed and arranged to
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couple to the top portion of the exhaust unit, and further includes at least one fan contained
within either the exhaust unit or the exhaust duct to draw air from within the equipment
enclosure and out through the exhaust unit and through the exhaust duct.

Implementations of the invention may include one or more of the following features.
The exhaust unit forms a back door of the equipment enclosure, and is constructed and
arranged to replace an existing back door of the equipment enclosure. The at least one fan
includes a plurality of fans contained within the exhaust unit. The exhaust unit includes a
corresponding duct for each fan of the plurality of fans, with a first corresponding duct
having a minimum cross-sectional area approximately equal to a minimum cross-sectional
area of a second corresponding duct. The exhaust duct is flexible, and wherein the second
end of the exhaust duct is constructed and arranged to mate with a ceiling tile to allow
exhaust air to be directed to an air plenum located above a ceiling.

The system further includes the equipment enclosure, and wherein the equipment
enclosure includes an internal frame to allow mounting of equipment in an equipment area
formed by the internal frame, a top panel, a bottom panel, a first side panel, a second side
panel, and a front door having formed therein a number of openings to allow air drawn by the
plurality of fans to by drawn through the openings, wherein the internal frame is coupled to
the top panel, the first side panel and the second side panel to provide a substantially air tight
seal so that substantially all air drawn through the openings in the front door passes through
the equipment area and into the exhaust unit.

Implementations of the invention may further include one or more of the following
features. The at least one fan is configured to operate at a variable speed.

\
A controller is coupled to the at least one fan and constructed and arranged to control the
variable speed of the fan. The controller controls the variable speed based on power drawn

by equipment contained in the equipment enclosure. In addition, the controller controls the
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variable speed in response to a temperature of air in either the equipment enclosure or the
exhaust unit. The system further comprises at least one user control to allow a user to control
the variable speed of the at least one fan.

In addition, the system includes multiple power inputs and a circuitry module
coupling the power inputs to the at least one fan. The circuitry module is configured to
disconnect a first of the power inputs from the at least one fan and connect a second of the
power inputs to the at least one fan in response to a loss of power at the first of the power
inputs. The controller is constructed and arranged to sense opening of the back door of the
equipment enclosure and to switch the at least one fan off when the back door is opened, and
can be constructed and arranged to control the at least one fan to operate at maximum speed
when the back door is opened. The controller is configured to detect a failure of one fan of
the plurality of fans. The controller is further configured to communicate the failure to a
device external to the equipment enclosure.

In another aspect, a method is provided for exhausting air from an equipment
enclosure and returning air to an air conditioner, the equipment enclosure having a front door
and a back door. The method includes receiving air through openings in the front door of the
enclosure; drawing the air across equipment in the enclosure toward the back door of the
enclosure; drawing the air toward an opening in the top of the back door and through an
exhaust duct to a ceiling plenum; and returning the air to the air conditioner through the
ceiling plenum; wherein drawing the air across the equipment and toward an opening in the
top of the enclosure is accomplished using at least one fan mounted in either of the back door
of the enclosure or the exhaust duct.

In still another aspect, a system is provided for exhausting air from an equipment
enclosure and returning air to an air conditioner, the equipment enclosure having a front door

and a back door. The system includes an exhaust duct that has a first end and a second end,
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the first end being constructed and arranged to couple to a top portion of the equipment
enclosure. The system further includes means, contained within either the exhaust duct or the
equipment enclosure, to draw air out of the equipment enclosure and through the exhaust
duct.

In yet another aspect, an air exhaust system is provided for use with an enclosure
containing equipment. The system includes a housing defining a chamber, an exhaust port in
a top of the housing, and at least one intake port. The at least one intake port is configured to
provide fluid communication between the chamber and a volume of air external to the
housing. The housing is configured to couple to the enclosure such that the housing is
adjacent to a first portion of the enclosure on a first side of the equipment from which the
equipment vents air. The system includes at least one fan disposed within the chamber and
coupled to the at least one intake port such that the fan is in fluid communication with the
chamber and with the equipment. The fan is configured to draw air through the at least one
intake port from the first side of the equipment such that the equipment contained in the
enclosure draws air into a second portion of the enclosure on a second side of the equipment
and vents air from the first side of the equipment. The at least one fan is further configured to
force the drawn-in air into an exhaust duct provided by the housing, the exhaust duct being
configured to channel fan-exhausted air from the fan to the exhaust port in a substantially
parallel] orientation to the first side of the equipment.

In a further aspect, an enclosure is provided including a frame configured to support
the equipment in the enclosure, a door coupled to the frame, the door having at least one
internal duct with an exhaust port, and means for drawing air across the equipment into the at
least one internal duct and out the exhaust port.

In still a further aspect, a method is provided for cooling equipment contained in an

enclosure, the equipment being configured and arranged in the enclosure to vent air into a
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first portion of the enclosure on a first side of the equipment, is provided. The method
includes drawing air from a second portion of the enclosure on a second side of the
equipment to the first portion of the enclosure; forcing the air into a duct provided by a
housing; the housing coupled with the enclosure such that the duct and the first side of the
equipment-are in fluid communication; and guiding the air through the duct to a top of the
housing; and venting the air from the top of the housing to an area external to the enclosure.

Various aspects of the invention may provide one or more of the following
advantages. Heat can be removed from equipment, such as communications and information
technology equipment, e.g., servers, CPUs, internetworking equipment and storage devices,
housed in an equipment rack and/or enclosure that produces heat. Heat build-up and hot
spots within a rack or enclosure, as well as overheating of equipment in a rack or enclosure,
can be prevented by removing exhaust air producéd by and vented from the equipment during
operation. Internal temperatures of rack-mounted equipment and/or rack enclosures can be
controlled.

An exhaust air removal system and method can be provided to remc;ve exhaust air
produced by rack-mounted equipment for efficient and effective cooling of the equipment.
The system and method can be configured and arranged to help facilitate operation of rack-
mounted equipment, e.g., drawing ambient air into the equipment and across equipment
components to meet its cooling needs and venting hot and warm exhaust air. The system and
method can provide heat removal redundancy, employing a fan unit having one or more fans
coupled to a rack and/or enclosure housing equipment such that the fans draw and remove
exhaust air vented from the equipment. The fan unit can contain the drawn-in exhaust air and
can vent drawn-in air to an area external to the equipment.

By removing exhaust air from the equipment and the rack and/or enclosure, the fan

unit can help to lower pressure and/or help to minimize/reduce backpressure at a vent side of
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the equipment, e.g., caused by air flow resistance, which can help to enable the equipment to
draw ambient air into the enclosure sufficient to meet its cooling needs. In addition, the fan
unit can help to minimize/reduce pressure differences between a vent side of equipment and
an intake side of equipment to enable the equipment to operate effectively. The system and
method employing the fan unit, therefore, can rely on cool ambient air supplied to an
equipment room or data center in a range of from about 60° F. to about 70° F. to meet
equipment cooling requirements.

The fan unit can draw exhaust air vented from rack-mounted equipment and can
contain and vent exhaust air to an area external to the rack, e.g., an external exhaust duct or
plenum connected to the fan unit. The fan unit can thereby help to eliminate or to at least
minimize/reduce the extent to which exhaust air mixes with ambient air of an equipment
room or data center. The fan unit can help to eliminate or to at least minimize/reduce
undesirable recirculation of exhaust air to equipment. By helping to eliminate or to at least
minimize/reduce mixing of exhaust air with ambient air and recirculating exhaust air to
equipment, the fan unit can help to prevent or to minimize/reduce a thermal gradient of inlet
temperatures of ambient air drawn into equipment from an intake side of equipment.
’/l“emperatures of ambient air drawn into equipment at a top portion of a rack thereby are not
substantially higher/lower than temperatures of ambient air drawn into equipment at a bottom
portion of the rack.

By removing and containing exhaust air, the fan unit can help to maintain ambient air
temperature, e.g., within a range of from about 60° F. to about 70° F., and to enable rack-
mounted equipment to rely on ambient air to meet its cooling requirements. Cooling and
supplying ambient air within this range can help to eliminate or to at least minimize/reduce

condensation and humidification problems typically associated with supplying cooling air at

relatively low temperatures, e.g., 55° F. In addition, cooling and supplying ambient air within
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this range can help to eliminate or to at least minimize/reduce condensation and
humidification problems and costs typically associated with supplying cooling air at
relatively low temperatures, e.g., 55° F.

Without a need for cooling air at low temperatures, the system and method employing
the fan unit can avoid a double or raised floor construction that can be used to provide
cooling air at relatively low temperatures, e.g., 55° F., and to supply air directly into
equipment racks and enclosures. The system and method, thus, can avoid the cost
disadvantages associated with the operation and maintenance of raised floor cooling systems
and methods. In addition, the system and method employing the fan unit can avoid the costs
of reconfiguring equipment rooms and retrofitting cooling equipment and racks that may be
required with raised floor cooling systems and methods.

Removing exhaust air vented by rack-mounted equipment with the fan unit can
provide flexibility to accommodate a wide variation in electrical power drawn by rack-
mounted equipment and a consequent wide variation in exhaust air produced by the
equipment. The fan unit can be quickly and easily installed to and detached from an
individual equipment rack and/or enclosure, as well as installed to and detached from an
external exhaust duct, e.g., a duct coupled to the fan unit to vent exhaust air to a dropped
ceiling exhaust plenum for removal of exhaust air from an equipment room or data center.

Control of fan-speeds can help to eliminate or to at least minimize/reduce a potential
for rack-mounted equipment to draw ambient air at a flow rate greater or less than required to
meet its cooling needs. A risk of rack-mounted equipment receiving too much or too little
ambient air for cooling, therefore, can be eliminated or at least minimized/reduced. Control
of fan-speeds can also help to avoid or to at least minimize/reduce a risk of returning exhaust
air to an air conditioning or cooling system at a rate that can exceed or overcome a capacity

of the air conditioning or cooling system. Fan-speeds can be controlled and adjusted in
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accord with measured values of a power load of equipment, and/or detected internal
temperatures of equipment.

In addition, control of air flow and internal temperatures of rack-mounted equipment
can be protected against power outages and power irregularities to prevent heat build up and
overheating. Advantages of aspects of the invention can be provided to new or existing
standard-dimensioned or nonstandard-dimensioned racks and enclosures with minimal or no
retrofitting of racks or enclosures.

These and other advantages of the invention, along with the invention itéelf, will be
more fully understood after a review of the following figures, detailed description, and

claims.
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BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 illustrates a prior art air conditioning cooling system of a conventional
equipment room including a double or raised floor having an air passageway.

FIG. 2 is a side view of one embodiment of an exhaust system for an equipment room
according to the present invention.

FIG. 2A is a side view of a portion of a fan unit of the exhaust system shown in FIG.
2 coupled to an equipment enclosure.

FIG.3Aisa top view of an exhaust port of an optional exhaust air fan unit that can be
used with the embodiment shown in FIG. 2.

FIG. 3B is a side view of the exhaust port of the fan unit shown in FIG. 3A connected
to an exhaust duct.

FIG. 4 is a side view of an exhaust air fan unit according to another embodiment of
the present invention. |

FIG. 5A is a top view of the fan unit shown in FIG. 4 partially removed away from an
enclosure to which the fan unit is attached.

FIG. 5B is a back view of the enclosure shown in FIG. 5A and an inside view of the
fan unit shown in FIGS. 4 and 5A.

FIG. 6 is an interior view of multiple ducts and fans of the fan unit shown in FIG. 4
and FIGS. 5A-5B.

FIG. 7 is an opposing perspective view of the fans shown in FIG. 6 and of fail-over
circuitry.

FIG. 8 is a side view of the fan unit shown in FIG. 4 connected to a duct and a ceiling
plenum.

FIG. 9A is a side view of the duct shown in FIG. 8.

FIG. 9B is a side view of a duct aligned with a plurality of openings in a ceiling.
-13 -
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FIG. 9C is a side view of the duct shown in FIG. 9B aligned with a hood extending
from a ceiling.

FIG. 10 is a view of a row of racks and/or enclosure with some racks and/or
enclosures having the fan unit as shown in FIG. 8.

FIG. 11 is a schematic view of a fan speed control system based on rack power load
of the fan unit shown in FIGS. 4 and 8.

FIG. 12 is a schematic view of a fan speed control system based on equipment

temperature of the fan unit shown in FIGS. 4 and 8.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

INustrative embodiments of the invention provide an exhaust air removal system and
method for use with equipment rooms and data centers in which communications and
information technology equipment is stored and operated. More particularly, an exhaust air
removal system and method are provided to remove undesirable thermal exhaust air produced
by equipment, such as rack-mounted servers, CPUs and other electronic equipment, during
operation of the equipment. The exhaust air removal system is constructed and arranged to
connect to an equipment rack and/or a rack enclosure. When connected to an equipment rack
and/or enclosure, the system is disposed and configured to remove thermal exhaust air output
from the rack by drawing and containing exhaust air vented from the rack and venting the
exhaust air to an area external to the rack and/or the enclosure. The system is constructed and
arranged to remove exhaust air vented by equipment in a rack and/or enclosure to help
minimize or reduce resistance to air flow into the rack. Minimizing or reducing air flow
resistance helps to enable the equipment in the rack to operate effectively, drawing sufficient
air into the rack to meet its cooling requirements and venting exhaust air from the equipment

and the rack.
-14 -
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The exhaust air removal system can be disposed and configured to vent thermal
exhaust air to ambient air of an equipment room or data center in which a rack and/or
enclosure is located. Alternatively, the system can be disposed and configured to vent
thermal exhaust air to an external exhaust duct or system, e.g., an exhaust plenum disposed in
a dropped ceiling of an equipment room or data center, to remove hot and warm air. In this
context, the exhaust air removal system can be further configured to operate in conjunction
with an air conditioning or cooling system that provides cool air to the equipment room or
data center. The system can be operatively connected to the air conditioning or cooling
system, whereby the system vents hot and warm air to the exhaust plenum, and the exhaust
plenum is configured to guide or channel air to the air conditioning or cooling system. The
air conditioning or cooling system cools exhaust air and supplies cool air to the equipment
room or data center. Equipment in a rack and/or housed in an enclosure can draw cool air
from ambient air space of the equipment room or data center into its components to cool itself
during operation. Other embodiments are within the scope of the invention.

Referring to FIG. 2, in one embodiment, the invention provides an exhaust system for
use in an equipment room or data center 200 having an enclosure 100 that hquses an
equipment rack 115. The system includes a self-contained exhaust air fan unit 10 coupled to
the equipment enclosure 100, an exhaust plenum 210 disposed in an overhead dropped
ceiling 200a of the equipment room 200 and coupled to the fan unit 10, and an air cooling
system 215 coupled to the plenum 210 by an intake duct 220.

The fan unit 10 is connected or mounted, e.g., with connectors, screws and/or hinged
devices, to the enclosure 100. The rack 115 includes rack-mount;:d equipment, €.g., Servers,
CPUs and other electronic components, arranged vertically on mounting rails within the rack

115. The fan unit 10 is preferably connected to a portion of the enclosure 100 from which the
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rack-mounted servers, CPUs and other components vent thermal exhaust air to an area
external to the rack 115.

The fan unit 10 includes multiple fans 18, each fan 18 being coupled to an interior
exhaust duct 20. The ducts 20 are configured and arranged to extend upward to a top 32 of
thé fan unit 10 and to terminate into an exhaust port 16. The exhaust port 16 is coupled to the
plenum 210 by a duct 225. The duct 225 places the ducts 20 in the fan unit 10 in fluid
communication with the plenum 210. A first terminal end 225a of the duct 225 is configured
to couple to the exhaust port 16 of the fan unit 10 and a second terminal end 225b is
configured to couple to the plenum 210.

The first terminal end 225a of the duct 225 can be preferably configured and arranged
to removably connect the duct 225 to a perimeter that defines the exhaust port 16 of the fan
unit 10. The second terminal end 225b of the duct 225 can be preferably configured and
arranged to removably connect the duct 225 to the ceiling 200a. In particular, the second
terminal end 225b can be preferably configured and arranged to removably connect to a
ceiling tile 230 of the dropped ceiling 200a. Alternatively, the second terminal end 225b of
the duct 225 can be connected to the ceiling tile 230, and the ceiling tile 230 can be
configured and sized to removably mount within an overhead ceiling grid 230a that supports
the dropped ceiling 200a. The removable ceiling tile 230 permits the duct 225 to removably
connect to the plenum 210 such that the duct 225 and the fan unit 10 can be readily connected
to and detached from the plenum 210.

The duct 225 can include other configurations whereby the duct 225 extends upward
away from the fan unit 10 to an area below the ceiling 200a and/or the plenum 210. The
second terminal end 225b of the duct 225 can align with one or more openings in the ceiling
200a, the ceiling tile 230 or a portion of the plenum 210 to permit the fan unit 10 to exhaust

air from the exhaust port 16 through the one or more openings into the plenum 210.
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As shown in FIG. 2, the plenum 210 is disposed and configured in the dropped ceiling
200a to receive exhaust air from the fan unit 10. The plenum 210 is further disposed and
configured to guide or channel exhaust air to the intake duct 220. The intake duct 220 is
disposed and configured to receive exhaust air from the plenum 210 and to guide or channel
exhaust air into the air cooling system 215. The cooling system 215 cools exhaust air
received from the intake duct 220 to a temperature within a desired range of temperature(s)
and forces cool air into the equipment room 200, as shown by arrows 250 in FIG. 2.

The cooling system 215 includes a room-sized air conditioner unit having an inlet 216
configured to permit air from the plenum 210 to flow into the unit 215, a cooling assembly
217, e.g., including one or more cooling coils, to cool air received from the inlet 216, an
exhaust assembly 218 to vent cool air from the unit 215 to the equipment room 200, and a
condensate system 219 coupled to the system 215 to collect and to remove water condensate
produced during operation.

Referring also to FIG. 2A, the system is configured and arranged such that when the
fan unit 10 is connected and/or mounted to the rack 115 and/or the enclosure 100 removal of
exhaust air by the fan unit 10 helps to enable rack-mounted equipment 125 to operate
effectively to meet its cooling requirements during operation by drawing cool air from
ambient air space of the equipment room 200. Cool air is supplied to the equipment room
from the air cooling system 215 and circulates in the equipment room 200. The equipment
125 iﬁ the rack 115 draws cool air, e.g., via fans in the equipment 125, from ambient air
space into the enclosure 100 through inlet vents 118 provided by the enclosure 100. The inlet
vents 118 are disposed in a front panel or door 100a of the enclosure 100 and are configured
to permit air flow to an inlet area 111a. The inlet area 111a is air space defined between the
front door 100a of the enclosure 100 and an air inlet side 115a of the rack 115. The fans in

the equipment 125 draw ambient air through the inlet vents 118 and through the inlet area
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111a into the equipment 125 along the inlet side 115a of the rack 115, as shown by arrows
240 in FIGS. 2-2A. The fans of the equipment 125 further draw air through its components
and vent exhaust air through exhaust ports 117 of the equipment 125. The exhaust ports 117
are disposed and configured to vent exhaust air from a vent side 115a of the rack 115 to an
exhaust area 111b. The exhaust area 111b is air space defined by the vent side 115a of the
rack 115 and the fan unit 10. The fans 18 of the fan unit 10 are disposed and configured to
draw exhaust air from the exhaust area 111b and the exhaust ports 117 into the fans 18, and
to force drawn-in exhaust air into the ducts 20, as shown by arrows 235 in FIGS. 2-2A. The
ducts 10 are configured to exhaust air and to guide exhaust air to the exhaust port 16. The
exhaust port 16 vents exhaust air to an area external to the enclosure 100.

Removal of exhaust air from the exhaust area 111b by the fans 18 helps to lower
pressure in the exhaust area 111b and/or helps to prevent or to at least minimize backpressure
in the exhaust area 111b. Backpressure can be caused by, for instance, resistance to a flow of
fan-exhausted air through the ducts 20 due to the configuration, e.g., curvature, of the ducts
20. In addition, bundles of wires typically located in a back of the rack 115, e.g., adjacent to
the vent side 115b of the rack 115, can cause resistance to air flow that increases pressure in
the exhaust area 111b. A lower pressure in the exhaust area 111b reduces air flow resistance
that the fans in the equipment 125 must overcome to vent exhaust air from the rack 115. A
lower pressure in the exhaust area 111b also helps to compensate for low pressure, €.g.,
below ambient pressure, at the inlet side 115a of the rack 115. Low pressure at the inlet vents
118 and in the inlet area 111a is caused when the fans in the equipment 125 operate to
overcome air flow resistance, e.g., of the inlet vents 118, and thereby lower pressure at the
inlet vents 118 and in the inlet area 111a. When low pressure exists in the inlet area 111a and
high pressure exists in the exhaust area 111b, the fans in the equipment 125 cannot provide

sufficient air flow through the equipment 125. The fans 18 of the fan unit 10 help to remove
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exhaust air from the exhaust area 111b to thereby help to minimize or reduce pressure
differences between the inlet area 111a and the exhaust area 111b. Minimizing and reducing
pressure differences helps the fans in the equipment 117 to operate effectively as if pressure
differences were not present and to draw sufficient cool air through the equipment 125 to
meet the equipment 125 cooling requirements, as shown by arrows 240 in FIGS. 2-2A.

The fans 18 force drawn-in air into the ducts 20, and the ducts 20 channel and vent
fan-exhausted air to the exhaust port 16, as shown by arrows 235 in FIGS. 2-2A. The exhaust
port 16 vents exhaust air into the duct 225 and the duct 225 channels exhaust air into the
plenum 210. The plenum 210 returns exhaust air to the air cooling system 215 through the
intake duct 220, as shown by arrows 245 in FIGS 2-2A. Exhaust air is cooled by the air
cooling system 215 to a temperature within a desired range of temperature(s) and then is
forced to ambient air space of the equipment room 200.

Referring to FIGS. 3A-3B, alternatively or in addition to the multiple fans 18 of the
fan unit 10, one or more fans 19 can be disposed in the duct 225. As shown in Fig. 3B, the
fans 19 can be configured and connected to the duct 225 such that the fans 19 are disposed
over an area defined by the exhaust port 16. The fans 19 operate to draw in exhaust air from
the ducts 20 and to force the drawn-in air into the duct 225 and into the plenum 210, as
shown by arrows 235 in FIG. 3B. In the alternative, the fans 19 can be disposed in the duct
225 to draw in exhaust air from a single duct 20 of the fan unit 10.

As shown in FIGS. 2-2A, the exhaust system, including the fan unit 10 connected or
mounted to the enclosure 100, the ceiling plenum 210 and the air cooling system 100 relies,
on the equipment 125 in the rack 115, e.g., fans disposed in equipment components, to draw
sufficient cool air from ambient air space into the equipment 125 to meet the cooling
requirements of the rack 115. By containing and removing exhaust air from the enclosure

100 and minimizing or reducing pressure differences between the inlet side 115a and the vent
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side 115b of the rack 115, the fan unit 10 helps to mitigate the effects of air flow resistance
and helps to facilitate the equipment's 116 ability to operate effectively, e.g., without drawing
air from low pressures areas. Operating effectively the equipment 125 draws sufficient cool
air into the rack 115 to cool the equipment 125 and vents sufficient exhaust air to help
prevent overheating and hot spots. The system shown in FIGS. 2-2A, therefore, does not
require the raised floor 5 construction of the closed air circulation system shown in FIG. 1,
which is required to force sufficient cool air directly into the équipment enclosure 8 to meet
equipment cooling requirements. Rather, the fan unit 10 enables the equipment 125 in the
rack 115 to operate effectively to meet i‘;s cooling requirements by relying on cool ambient
air.

The fan unit 10 is constructed and arranged to substantially contain exhaust air vented
from the equipment 125. When the fans 18 drawn-in exhaust air and the ducts 20 channel
fan-exhausted air to the exhaust port 16, the fan unit 10 permits little or substantially no
exhaust air, e.g., allows less than about ten percent (10%) or only a small or insubstantial
volume of air, to leak from between the enclosure 100 and the fan unit 10 to an area external
to the fan unit 10.

In one embodiment, one or more panels 23 connected or mounted to one or more
unused portions of the rack 115, in which no equipment is installed, helps to prevent or to at
least reduce air flow through the unused portions of the rack 115. The panels 23 help to
maintain air flow in a direction indicated by arrows 240 and 235 shown in FIG. 2-2A. In
addition, in some embodiments of the invention, any spaces between a frame of the rack 115
and top, bottom and side panels of the enclosure 100 are sealed to prevent air leakage from
the enclosure 100 and/or the fan unit 10.

Referring to FIG. 4, the fan unit 10, as discussed above, includes a housing 12,

multiple fans 18 disposed in the housing 12, an interior exhaust duct 20 provided by the
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housing 12 that extends from each fan 18 to an exhaust port 16 disposed in a top 32 of the
housing 12, and fan speed control. The fan unit 10 further includes a dual power input (not
shown) to supply power to the fan unit 10, and dual independent fusing (not shown) to
protect operation of the fan unit 10 during power outages and power irregularities.

The housing 12 is configured and arranged to connect or mount the fan unit 10 to the
enclosure 100, and preferably configured to be at least a part of a door of the enclosure 100.
As shown in FIG. 4, the housing 12 is configured to connect or mount to the enclosure 100
such that the fan unit 10 is adjacent to the equipment 125, e.g., servers, CPUs and other
electronic components, mounted in the rack 115 contained by the enclosure 100. The
housing 12 is preferably connected to the enclosure 100 to face a side 115a of the equipment
125, e.g., a vent side of the servers, from which the equipment 125 vents exhaust air.

Referring also to FIG. 5A-5B, the housing 12 is preferably connected or mounted to
the enclosure 100 with connectors 13, e.g., one or more hinged devices, along one side of the
housing 12 to pivotally connect or mount the housing 12 to the enclosure 100 such that the
fan unit 10 serves as part of a door of the enclosure 100. The hinged devices 13 permit the
housing 12 to open from a first side and to pivot at a second opposite side at which the hinged
devices 13 are connected to the enclosure 100 to help allow the fan unit 10 to open away
from the enclosure 100 in a door-like manner and to provide access to the interior of the
enclosure 100 and the servers 125 in the rack 115. Adjacent to the first side of the housing
12, the housing 12 provides a connector 15, e.g., a latch device, to mate with a corresponding
connector 15 provided by the enclosure 100 or the rack 115 such that when the connectors 15
are coupled, the connectors 15 help to secure and to close the fan unit 10 to the enclosure
100.

As shown in FIG. 5A, an air seal 22 is disposed adjacent to a perimeter edge of the

housing 12. The air seal 22 couples with the enclosure 100 when the fan unit 10 is connected
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or mounted to the enclosure 100. The air seal 22 helps to create a seal that is substantially
air-tight, e.g., allows less than about ten percent (10%) or only a small or insubstantial
volume of air to leak from between the enclosure 100 and the fan unit 10 to an area external
to the enclosure 100 when the enclosure and the fan unit 10 are coupled and the fan unit 10
operates. The air seal 22 helps the fan unit 10 to increase and/or to optimize a rate of air flow
into a front side 130 of the rack 115, across the servers 125 and to and from the back side 110
of the rack 115. The air seal 22, thus, helps to increase a rate at which the fan unit 10
removes hot and warm exhaust air from the server 125 and the enclosure 100 interiors and
exhausts the air from the housing 12.

The housing 12 is preferably configured to connect and to fit to a new or existing
standard-dimensioned equipment rack and/or rack enclosure. The housing 12 is preferably
configured and arranged such that the fan unit 10 can replace an existing panel or door of the
rack 115 and/or the enclosure 100 from which exhaust air is vented with minimal or no
retrofitting of either the fan unit 10, the rack 115 or the enclosure 100. In addition, a
preferred configuration of the housing 12 permits the fan unit 10 to be removed from or
connected to the rack 115 and/or the enclosure 100 as needed in response to different cooling
requirements, e.g., when equipment is replaced or rearranged within the rack 115 and/or the
enclosure 100 and the thermal exhaust air output of the rack 115 and/or the enclosure 100
changes. A preferred configuration of the housing 12, therefore, permits the fan unit 10 to
readily connect or mount to a newly installed or existing rack and/or enclosure having
standard dimensions. For example, the housing 12 can have a depth of about 5 inches, a
height of about 72 inches and a width of from about 19 inches to about 23 inches to permit
the fan unit 10 to connect or mount to a standard-dimensioned rack or rack enclosure. To
facilitate connection and fit of the fan unit 10 to a nonstandard-dimensioned rack and/or

enclosure, the housing 12 can be configured and arranged to connect or mount to an interface
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unit or panel 17. The interface panel 17 can include dimensions that permit the fan unit 10 to
connect or mount to the interface panel 17 such that the interface panel 17 retrofits the fan
unit 10 to the nonstandard-dimensioned rack 115 and/or enclosure 100.

Referring to FIGS. 4 and 6, the housing 12 defines an interior chamber 14 and the
exhaust port 16 disposed in the top 32 of the housing 12.The fans 18 are disposed in the
chamber 14 adjacent to the back side 110 of the rack 115 when the housing 12 is attached to
the enclosure 100. A side panel 24 of the housing 12 defines ports 26 over which the fans 18
are disposed such that the fans 18 are in fluid communication with the rack 115 and with the
interior of the enclosure 100. Each port 26 is configured such that each fan 18 couples or
mates with its port 26 and is disposed in its respective internal exhaust duct 20 to place tﬁe
rack 115 in fluid communication with the internal exhaust ducts 20. Each internal exhaust
duct 20 is disposed in the chamber 14 and configured to extend upward away from each fan
18 through the chamber 14 to the exhaust port 16.

Referring also to FIG. 7, the fans 18 are configured for inducing radially outward air
flow from the fans 18. The fans 18 are further configured to draw and :co receive air through
the ports 26. The fans 18 are configured to rotate about hubs 48 that include internal motors
(not shown), fixed top portions 38 and rotating lower portions 40 that can rotate relative to
the top portions 38. The fans 18 may include, but are not limited to, fans with motorized
impellers, e.g., backward curved impellers, or axial type fans, such as those manufactured by
EBM Industries, Inc. of Farmington, Connecticut (although numerous other fans including
fans made by other manufacturers are acceptable and can be used as the fans 18).

Rings 42 of blades or fins 44 are angled relative to a radial direction of the fans 18
such that rotation of the rings 42 by the motors will draw air through the ports 26 into internal
regions 46 of the fans 18 that are in fluid communication with the rack 115. The rotation of

the fans 18 will force drawn-in air from the internal regions 46 of the fans 18 radially
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outward into the ducts 20, as indicated by arrows 60 shown in FIG. 4. Preferably, the rings
42 are configured such that the internal regions 46 span areas at least as large as areas
spanned by the ports 26 such that air will flow only (or substantially only) into the fans 18
through the ports 26.

The fans 18 and the ducts 20 are configured to help remove hot and warm air from the

. interior of the servers 125 and the enclosure 100 to help to control and to maintain a

substantially constant interior temperature, e.g., + 2° F of a desired temperature, of the
servers 125 and the enclosure 100. Each duct 20 is configured to guide or channel fan-
exhausted air upward, away from the fan 18 and toward the exhaust port 16 from which the
air is expelled from the housing 12, as shown by arrows 60 in FIGS. 4 and 6.

The ducts 20 are configured and arranged in the chamber 14 as separate ducts with
one duct 20 dedicated to one fan 18. Each duct 20 is configured with a minimum cross-
section about equal to a minimum cross-section of other ducts 20 in the chamber 14. Each
fan 18 and its duct 20 are configured and arranged such that fan-exhausted air does not
impede or fight against fan-exhausted air removed by other fans 18 and guided upward by
other ducts 20. The ducts 20 are further configured such that each duct 20 about equally
impedes fan-exhausted air as each of the other ducts 20. The fans 18 and the ducts 20 are
configured and arranged such that each fan 18 removes and exhausts air into its duct 20 at
approximately the same rate.

Each fan 18 is configured and disposed in the housing 12 to draw air vented from
about twenty (20) to about thirty (30) servers 125. A typical rack can mount a minimum of
about ten (10) servers up to a maximum of about forty (40) servers 125. Pairs of fans,
therefore, can draw exhaust air from some of the same servers 125.

The fans 18 have a flow capacity to provide an air flow rate, e.g., cubic feet per

minute (cfm) of air, sufficient to draw exhaust air and to force exhaust air from the housing
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12 to accommodate the thermal exhaust air output of the servers 125. For example, each of
the three fans 18 can have a flow capacity of about 500 cfm to vent the exhaust air output of
about forty (40) servers 125 in the rack 115. With each of the servers 125 capable of an
output of from about 8 to about 25 cfm of exhaust air, the fans 18 can draw and force exhaust
air from the rack 115 at a rate of at least about 320 cfm to about 1,000 cfm to help
accommodate the thermal exhaust air output of the forty (40) servers 125. In other
configurations and arrangements of the rack 115 and/or the enclosure 100 wherein more or
less equipment components are in the rack 115 and more or less thermal exhaust air is vented
from the components, the number and the capacity of the fans 18 included in the fan unit 10
can be increased and/or decreased to accommodate different thermal outputs of the rack 115.
The configuration and arrangement of the fan unit 10 permits ‘more fans 18 in the housing 12,
having a lower flow capacity than 500 cfm, as well as permits fewer fans 18, having a higher
flow capacity than 500 cfm, to accommodate the thermal exhaust air output of the rack 115.

The fans 18 have variable speeds to affect an air flow rate. For example, the fans 18
can have multiple, fixed-step speeds, or substantially infinitely variable speeds. The
operating speed of the fans 18 can be adjusted in response to speed-control signals received at
respective inputs. As described in further detail below, speed-control signals can be provided
to the fans 18 to set and to adjust fan speed, and thereby to control an air flow rate produced
by the fans 18 in response to detection and/or measurement of one or more operation
variables of equipment in the rack 115 or, for instance, of one or more environmental
conditions of the rack 115, the enclosure 100, and/or an equipment room in which the
enclosure 100 is located.

The exhaust port 16 is configured to vent fan-exhausted air from the ducts 20 directly
to ambient air of an equipment room in which the enclosure 100 is located. Alternatively,

referring to FIG. 8, the exhaust port 16 can be configured for connection to an external
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overhead exhaust plenum 210, e.g., suspended from a ceiling of an equipment room or
provided by an overhead dropped ceiling 200a of an equipment room in which the enclosure
100 is located. The exhaust port 16 vents fan-exhausted air into the plenum 210 for removal
of exhaust air from the equipment room, or at least from an area immediately surrounding an
exterior of the enclosure. The plenum 210 can be defined between an upper portion 200b and
a lower portion 200c of the dropped ceiling 200a. The exhaust port 16 can be configured and
arranged to connect to the ceiling 200a and thereby to the plenum 210.

Referring also to FIG. 9A, the exhaust port 16 can be further configured and arranged
to connect to a duct 225. The duct 225 is configured for connection to the ceiling 200a such
that, when the duct 225 is connected to the exhaust port 16 and to the ceiling 200a, the
exhaust port 16, the duct 225 and the plenum 210 are in fluid communication. A first
terminal end 225a of the duct 225 is configured to couple to the exhaust port 16, and a éecond
terminal end 225b is configured to couple to the ceiling 200a. The first terminal end 225a
can be configured, e.g., with quick-fit type connectors or fasteners, to removably connect the
duct 225 to the exhaust port 16, and the second terminal end 225b can be configured, e.g.,
with quick-fit type connectors or fasteners, to removably connect the duct 225 to the ceiling
200a such that the duct 225 can be readily connected to and disconnected from the exhaust
port 16 and the ceiling 200a. The first terminal end 225a of the duct 225 having quick-fit
type connectors or fasteners permits the fan unit 10 to disconnect from the duct 225 and to
open away from the enclosure 100 in a door-like manner for providing access to the interior
of the enclosure 100 and to the equipment in the rack 115, even during operation of the fan
unit 10.

In addition, the second terminal end 225b of the duct 225 can be further configured
and arranged such that the duct 225 is removably connected to a ceiling tile 230 of the

dropped ceiling 200a. The ceiling tile 230 can be configured and sized to removably mount
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within an overhead ceiling grid that supports the dropped ceiling 200a. The ceiling tile 230
permits the duct 225 to be removably connected to the plenum 210. To connect or disconnect
the duct 225 to the plenum 210, the ceiling tile 230 can be mounted to or removed from the
ceiling grid 230a. The removable connection of the ceiling tile 230 to the ceiling grid 230a
and, hence, the removable connection of the fan unit 10 to the plenum 210 permitslﬂlle ’fan
ﬁnit 10 to be readily connected to and disconnected from the plenum 210 without removing
the duct 225 from the fan unit 10. The fan unit 10 can be rearranged with the enclosure 100
to which it is connected in an equipment room without detachment of the fan unit 10 from the
enclosure 100. The ceiling tile 230 is simply removed from the ceiling grid 230a for
detachment of the fan unit 10 and the enclosure 100. In addition, the fan unit 10 can be
installed to another enclosure in the same or a different equipment room by inserting the
ceiling tile 230 in the ceiling grid 230a.

The first terminal end 225a of the duct 225 can be configured and arranged to receive
or to mate with one or more gaskets 226, e.g., O-ring type gaskets, to help achieve an air-tight
seal between the duct 225 and the exhaust port 16 when the duct 225 is connected to the
exhaust port 16. Alternatively, or additionally, an edge defining a perimeter of the exhaust
port 16 can be configured and arranged to receive and/or to mate with the one or more
gaskets 226 when the duct 225 and the exhaust port 16 are connected. Similarly, the second
terminal end 225b of the duct 225 can be configured and arranged to receive and/or to mate
with one or more gaskets 227, e.g., O-ring type gaskets, to help achieve an air-tight seal
between the second terminal end 225b of the duct 225 and the plenum 210, the ceiling 200a
or the ceiling tile 230 to which the duct 225 is connected. Alternatively, or additionally,
either one of the plenum 210, the ceiling 200a or the ceiling tile 230 can include a port
defined by an edge configured and arranged to receive and/or to mate with the one or more

gaskets 227 to achieve an air-tight seal between the duct 225 and the plenum 210.
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Alternatively, referring to FIG. 9B, the duct 225 can be configured and arranged to
extend upward away from the exhaust port 16 toward the ceiling 200a when the duct 225 is
coupled to the exhaust port 16 such that the second terminal end 225b of the duct 225 is
below the ceiling 200a or the plenum 210 and the exhaust port 16 vents fan-exhausted air to
the ceiling 200a o; the plenum 210, as shown by arrow 235 in FIG. 9B. The second terminal
end 225b of the duct 225 can be disposed such that an area defined by the second terminal
end 225b is substantially aligned with one or more openings 201 defined in the ceiling 200a,
e.g., a ceiling vent or grill, or, in other embodiments, aligned with one or more openings
defined in the ceiling tile 230 or a bottom portion of the plenum 210. The duct 225 and the
second terminal end 225b are thereby disposed to provide fluid communication between the
exhaust port 16 and the plenum 210 and to guide or channel fan-exhausted air vented from
the exhaust port 16 through the duct 225 and the openings 201 into the plenum 210.

Referring to FIG. 9C, in the context in which the ceiling 200a includes one or more
openings 201, a hood 202 can be connected to the ceiling 200a to surround the openings 201.
The hood 202 can be disposed and configured to help receive and to help guide or channel air
vented from the exhaust port 16 through the opening 201 and into the plenum 210. The hood
202 can be further configured such that it extends downward away from the ceiling 200a and
defines an increasing diameter or width as it descends from the ceiling 200a. The hood 202 is
not limited to a particular shape or configuration and can include other configurations than
that shown in FIG. 9C to help permit the hood 202 to capture and to channel or guide a
sufficient volume of exhaust air vented from the exhaust port 16 to help prevent build-up of
exhaust air between the duct 225 and the opening 201. The hood 202 permits the fan unit 10
to vent exhaust air into the plenum 210 without the fan unit 10 being connected via the duct
225 to the ceiling 200a and thereby helps to facilitate portability of the fan unit 10. A

distance D; between the ceiling 200a and the second terminal end 225b of the duct 225 can
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include, but is not limited to, a range of from about 1 inch to about 24 inches, e.g., depending
upon conditions under which the fan unit 10 operates and a configuration of an equipment
room.

In other embodiments in which the duct 225 is not connected to the ceiling 200a or
the plenum 210, the duct 225 can vent exhaust air directly upward to ambient air above the
enclosure 100 and the fan unit 10. For equipment rooms with high ceilings, e.g., 15 to 20 feet
high, hot and warm exhaust air would remain above the enclosure 100 and the fan unit 10
when exhausted from the duct 225 to ambient air due to its buoyancy. Air conditioning
return vents operatively coupled to an air conditioning or cooling system, e.g., a comfort air
conditioning system that provides cool air to an equipment room and/or to other areas of a
building, can return exhaust air vented from the fan unit 10 to the air conditioning system for
cooling. In this context, an air cooling system 215, as shown in FIG. 2, may not be required.

The duct 225 is constructed of material suitable for permitting quick and easy
connection and disconnection of the duct 225 to the plenum 210. Suitable material can be
lightweight to provide ease in disconnecting and connecting the duct 225, e.g., by one
operator, to the exhaust port 16 and the plenum 210, the ceiling 200a or the ceiling tile 230.
In addition, suitable material can have flexibility to help facilitate connection and
disconnection of the duct 225, particularly when the exhaust port 16 and the plenum 210, the
ceiling 200a, or the ceiling tile 230 are not substantially aligned, or when distances between
the exhaust port 16 and the plenum 210 vary substantially between different racks and/or
elﬂlclosureS with which the fan unit 10 is connected. Suitable materials include, but are not
limited to, reinforced metal foil, reinforced plastic, plastic, metal, and combinations thereof.

In other embodiments in which the duct 225 is not connected to the ceiling 200a or
the plenum 210, as described above, the duct 225 can be constructed of a material suitable for

providing rigidity such that the duct 225 can channel or guide exhaust air substantially
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upward away from the fan unit 10 and the enclosure 100. Suitable materials include, but are
not limited to, metals, e.g., aluminum or stainless steel, plastic laminates, plastic, and
combinations thereof.

As described above, the duct 225 can connect via the plenum 210 to the air
conditioning or cooling system 215, as shown in FIG. 2, which receives and cools fan-
exhausted air. Temperatures of fan-exhausted air delivered by the plenum 210 to the air
cooling system 215 can, in effect, help to increase or maximize an efficiency of the air
cooling system 215 due to a temperature differential between fan-exhausted air and one or
more cooling elements, e.g., cooling coils, comprising a cooling assembly of the air cooling
system 215.

Referring to FIG. 10, the fan unit 10 is configured for providing flexibility to meet
cooling requirements of equipment as equipment needs change or new equipment needs arise.
The fan unit 10 can be installed to a certain rack or enclosure as required to meet the specific
cooling requirements of the equipment in the rack. The fan unit 10, in particular, is
constructed and arranged for quick and easy connection to and detachment from a rack or
enclosure and, in particular, a rack or enclosure that experiences thermal problems and/or has
a relatively high power load and, consequently, a relatively high thermal exhaust air output.
The fan unit 10, thus, is configured to provide flexibility with respect to overcoming local
thermal problems within an equipment room 200 without reconfiguration of the equipment
room 200 and without substantial retrofitting of the fan unit 10 and an external exhaust
system, e.g., the overhead ceiling exhaust plenum 210 provided by the dropped ceiling 200a,
to which the fan unit 10 is operatively connected. As shown in Fig. 10, the fan unit 10 can be
selectively connected or mounted to racks and enclosures that have different cooling

requirements from adjacent and proximate racks and enclosures to thereby provide efficiency

-30 -



10

15

20

WO 2004/049773 PCT/US2003/037625

and economy in cooling rack-mounted equipment and removing thermal exhaust air from the
equipment.

In addition, the fan unit 10 is configured for portability and ease, e.g., needs one
operator to detach the fan unit 10 from one rack or enclosure and to connect or mount the fan
unit 10 to another rack or enclosure. As described above, the duct 225 is configured to
removably detach the fan unit 10 from the plenum 210 or the ceiling 200a to either enable the
fan unit 10 to be moved to a different rack or enclosure or to enable the enclosure 100 to
which the fan unit 10 is connected to be moved to a different location in the equipment room
200 or to a different equipment room. Alternatively, the duct 225 can be detached from the
ceiling 200a by removing the ceiling tile 230 to which the duct 225 is connected from a
ceiling grid 230a to either enable the fan unit 10 to be moved to a different enclosure or to
enable the enclosure 100 to which the fan unit 10 to be moved to a different location.

One or more of the housing 12, the exhaust ducts 20 and the fans 18 is preferably
constructed of a material suitable for use with equipment that produces heat during its
operation and for use with a particular air, e.g., air, that circulates and/or is removed from the
equipment. Suitable materials include, but are not limited to, metals, e.g., steel and
aluminum, plastics, e.g., polyethylene and polypropylene, plastic resins, and combinations of
such materials.

Referring to FIG. 7, to supply power to the fans 18, the housing 12 can include dual
power input having two power ports 102, 104 to provide electrical redundancy. The two
power ports 102, 104 are connected to three switches 106, 108 and 110 (shown in phantom),
via fail-over circuitry 112 (shown in phantom). The fail-over circuitry 112 couples each
switch 106, 108 and 110 to one of the fans 18. The fail-over circuitry 112 and the switches

106, 108 and 110 can be disposed in the housing 12.
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The power ports 102, 104 are configured to receive power cord connectors, €.g.,
standard three-prong connectors, or other connectors as appropriate for the power being
supplied. The fail-over circuitry 112 is configured to connect one of the ports 102, 104 to the
three switches 106, 108 and 110 in a normal mode. Actuating/de-actuating buttons 121, 122
and 123 for turning the fans 18 on and off can be associated with the fan switches 106, 108
and 110. Actuation of the buttons 121, 122 and 123 causes the fan switches 106, 108 and 110
to close and thereby to couple the fail-over circuitry 112 to the fans 18 to provide electrical
power when the fan unit 10 is powered up. De-actuation of the buttons 121, 122 and 123
causes the fan switches 106, 108 and 110 to break the circuitry 112 coupled with the fans 18.

The circuitry 1I12 is further configured to detect a failure in power supply and to
switch between alternate power sources. The circuitry 112 can be configured to detect a
failure in power supply from the port 102 and, in response, to couple the port 104, e.g.,
connected to an alternate power source, to the switches 106, 108 and 110 to supply power
from the port 104. An indication (not shown), e.g., an LED display, can indicate detection of
a power supply failure and the port 102, 104 from which power is being supplied to the fan
unit 10.

In addition, the circuitry 112 is further configured to provide dual independent fusing
of the fans 18, such that if one of the fans 18 fails, then only the other of the fans 18 will
receive operating power. The circuitry 112 also provides independent thermal protection of
the fans 18. If the winding of any of the fans 18 gets too hot, then the circuitry 112 will shut
that fan 18 off. An indication, e.g., an LED display, can be provided to show the fans 18 that
have been shut off.

The switches 106, 108 and 110 and respective buttons 121, 122 and 123 can be used
for selecting which, or all three, of the fans 18 will operate when the fan unit 10 is powered

up. Pressing on the button will actuate/de-actuate the respective switches 106, 108 and 110.
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The buttons 121, 122 and 123, or separate selectors, can provide for selecting the speed
settings for each or all three of the fans 18.

Referring to FIG. 11, the fan unit 10 further includes a fan speed control system 300
to control fan speed in response to electrical power drawn by equipment in the rack 115 or a
power load of the rack 115. Electrical power drawn by the rack-mounted equipment 125 or
the power load of the rack 115 relates to the thermal output of equipment components in the
rack 115 and the consequent thermal exhaust air produced by the components during
operation. The fan speed control system 300, therefore, is based upon the power load of the
rack 115 to help control a rate of air flow to the equipment 125 and helps to prevent the fans
18 from drawing exhaust air at a rate greater or less than required to cool the equipment.

A user of the fan unit 10 may know and/or can determine empirically a power load of
the rack 115, which can vary depending upon the type and the number of components
mounted in the rack 115. A user, thus, can assess a thermal output and air flow rate
requirements of the rack 115 and fan speed to provide a sufficient air flow rate to remove
thermal exhaust air from the rack 115 and the fan unit 10. The fan speed control system 300
can be configured to permit a user of the fan unit 10 to set and/or to adjust the speed of each
of the fans 18 manually. The system 300 can include speed selectors 310, 312 and 314
wherein each speed selector 310, 312 and 314 is coupled by the fail-over circuitry 112 to its
respective fan 18. The speed selectors 310, 312 and 314 are configured to permit a user to
manually select a speed setting for each, or for all three, of the fans 18.

In addition, the control system 300 can be configured to provide selection and/or
adjustment of fan speed before and during operation of the fan unit 10 through automatic
control. The control system 300 can include one or more measurement devices 305 to
measure a power load of the rack 115 and a remote programmable controller 325, e.g., a PC-

type computer or a programmable microprocessor, to provide automatic fan speed selection
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and adjustment. The one or more measurement devices 305, e.g., current sensors or voltage
sensors, can be disposed in the rack 115 and/or contained within the enclosure 100, and
operatively coupled to the controller 325. The sensors 305 measure electric current drawn by
the equipment 125 in the rack 115 at a given time during operation of the fan unit 10 to
provide a measured value of rack power load, and/or a measured value of electric current
drawn by individual components or groups of components. The sensors 305 can be
configured to transmit one or more signals representative of one or more measured values of
rack power load to the controller 325. The controller 325 can be configured to receive the
one or more signals from the sensors 305. The controller 325 can be programmed with
standards or values of one or more operation variables of the fan unit 10 including rack power
load values and correlating air flow rate (cfm) values to accommodate thermal output of the
equipment. The controller 325, in response to receipt of one or more signals from the sensors
305, can transmit one or more speed-control signals to the speed selectors 310, 312 and 314
of the fail-over circuitry 112 and/or to a signal input 330 of each fan 18 to set and/or to adjust
fan speed. The controller 325 can be further programmed to set and/or to adjust a speed of
each fan 18 individually and independently of the other fans 18, or to set and/or to adjust a
speed of all three fans 18 simultaneously.

In embodiments of the invention, the controller 325 may be contained in the rack 115
or contained in the enclosure 100, or may be located remotely from the fan unit 10 in or
outside an equipment room or data center.

In one embodiment, fan-speed control and adjustment is controlled by causing the
input power signal to the fans 18 to effectively skip voltage line cycles to lower power
supplied to the fans 18. Under this control scheme, when the fans 18 operate at low speeds,

repeated acceleration of the fans 18 can cause an inrush of current which in turn can cause
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heat build up within the rack 115 and undesirable power load characteristics. In one
embodiment, series capacitors are provide to reduce the inrush of current.

The control system 300 can include an indication, e.g., an LED display, disposed in
the fan unit 10 and/or disposed in the controller 325 that is configured to display information,
for instance, a measured value of a power load of the rack 115, a speed of each fan 18 and/or
a status of operation, e.g., "on"/"off", of each fan 18. The controller 325 can be further
programmed to provide output signals to the LED display to indicate the information.

The control system 300 can further include a sensor 335 disposed in the fan unit 10
and operatively coupled to a portion of the fan unit 10, e.g., the latch 15 configured to help
couple and to securely fasten lthe fan unit 10 to the énclosure 100. The sensor 335 is
configured to detect a status of the fan unit 10 as either "open", e.g., the fan unit 10 is not
coupled to the enclosure 100 and provides access to the rack 115, or "closéd", e.g., the fan
unit 10 is secured to the enclosure 100. The sensor 335 detects the status of the fan unit 10
and transmits one or more signals representing the status of the fan unit 10 to the controller
325. The controller 325 can be further programmed to receive the signals from the sensor
335 and to transmit, in response to the status of the fan unit 10, one or more speed-control
signals to the fans 18 to adjust fan speeds. For example, the sensor 335 can detect the status
of the fan unit 10 as "open" and transmit one or more signals to the controller 325 indicating
that the fan unit is "open". In response to receiving one or more signals indicating an "open"
status of the fan unit 10, the controller 325 can respond by sending one or more speed signals
to one or more of the signal inputs 330 of the fans 18 to increase speed of one or more of the
fans 18 to a maximum or full capacity (cfm). In this case, one or more of the fans 18
increases its speed to operate at full capacity to help draw local hot and warm exhaust air
from the rack 115 and to help force local hot and warm exhaust air into the ducts 20. In

contrast, for example, the controller 325 can send one or more speed control signals to one or
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more of the signal inputs 330 to decrease speed or discontinue operation of one or more of
the fans 18 when the fan unit 10 is "open". Decreasing or discontinuing operation of the fans
18 helps to prevent cool air from exhausting into the fan unit 10 and the ceiling plenum 210.

In addition, the controller 325 can send one or more speed signals to one or more of
the signal inputs 330 of the fans 18, in response to receiving one or more signals the sensor
330 transmits to indicate a "closed" status, to begin or to resume operation of one or more of
the fans 18 at a speed at which the fan 18 was previously operating or at a new speed. The
controller 325 can be further programmed to indicate, e.g., via an LED display, the status of
the fan unit 10.

As shown in Fig. 11, one or more pressure sensors 307 can be disposed in the fan unit
10 to detect a presence of and/or a change in fan-exhausted air flow in order to indicate or to
provide feedback about operation of the fans 18. One or more pressure sensors 307 can be
disposed in each of the ducts 20 mafed with each of the fans 18 in order to detect pressure of
air exhausted by the fans 18 and channeled through the ducts 20 toward the exhaust port 16.
A change in pressure of fan-exhausted air flow in the duct 20 can be an indication that the
respective fan 18 is not operative or not operating as required. The pressure sensor 307 can
be further configured to transmit one or more signals to, for instance, the controller 325. The
controller 325 can be further configured to receive the one or more signals and to indicate,
e.g., via an LED display, information provided by the signals, e.g., a detected pressure of the
fan-exhausted air in the respective duct 20. In addition, or alternatively, the pressure sensor
307 can send one or more signals to an indication, e.g., an LED display, disposed in the fan
unit 10 and/or in the fail-over circuitry to indicate a change in pressure of fan-exhausted air in
the respective duct 20.

As shown in Fig. 11, the fan unit 10 can further include a smoke detection system

including one or more smoke detection sensors 306 operatively connected to the controller
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325. The smoke detection sensor 306 is disposed in the fan unit 10, e.g., in a path of exhaust
air vented by the fans 18, and is configured to detect smoke present in exhaust air vented
from the equipment 125. Upon detection of smoke, the sensor 306 transmits one or more
signals indicating a presence of smoke in exhaust air to the controller 325. The controller
325 can be further programmed to receive signals from the smoke sensor 306 and to transmit,
in response to the one or more signals indicating the presence of smoke, one or more speed-
control signals to the speed selectors 310, 312 and 314 of the fail-over circuitry 112 that
actuate/de-actuate the fan switches 106, 108 and 110, respectively, to discontinue operation
of one or more of the fans 18. In addition, or alternatively, the one or more speed-control
signals can be sent to the signal input 330 of each fan 18 to discontinue operation of one or
more of the fans 18. In addition, upon receipt of the one or more signals from the smoke
detector sensor 306, the controller 325 can be further configured to provide an indication,
e.g., an audible alarm and/or an LED display disposed in the controller 325 and/or in the fan
unit 10, of a detection of smoke and/or of the status, e.g., "on"/"off", of one or more of the
fans 18.

Referring to FIG. 12, the fan unit 10 can further include a temperature system to
detect a temperature of the interiors of the servers 125 and the enclosure 100. The
temperature system includes multiple sensors 34. Each sensor 34 can be disposed within the
housing 12 to detect a temperature of drawn-in and/or fan-exhausted air. For example, one or
more of the sensors 34 may be located proximate to one or more of the ports 26 to detect a
temperature of drawn-in air. One or more of the sensors 34 may be located in one or more of
the ducts 20 proximate to one or more of the fans 18 to detect a temperature of fan-exhausted
air.

The temperature system may further include a controller 50. The controller 50 can be

configured to help maintain the temperature of the air around the servers 125 substantially
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constant. The controller 50, e.g., a PC-type of computer or a programmable microprocessor,
can be operatively coupled to each sensor 34 to control operating speeds of the fans 18 in
response to temperatures detected by the sensors 34. The controller 50 and the controller 325
discussed above may be implemented using one controller, located within the enclosure or
separate from the enclosure. Upon detection of a temperature of drawn-in and/or fan-
exhausted air, the sensor 34 can be configured to send signals to the controller 50. The
controller 50 can receive the signals from the sensors 34 and determine whether one or more
detected temperatures deviate from a desirable range of internal temperature(s) of the servers
125 and/or the enclosure 100. If one or more detected temperatures are not within a range of
desired temperature (s), the controller 50 can send appropriate speed-control signals to
appropriate fans 18 to increase or decrease fan speed and thereby to increase or decrease air
flow produced by the fans 18.

For example, if one or more detected temperatures are above a desired range of
temperature(s), then the co;ltroller 50 can increase the speeds of the appropriate fans 18, and
preferably at least the fan 18 corresponding to the elevated temperature, to increase air flow
into the front side 130 of the rack 130, across the servers 125 and from the server exhaust
ports 120 into the interior region 46 of the fans 18 and the ducts 20. Increased air flow
increases a rate of removal of hot and warm air from the servers 125 and the enclosure 100
and lowers an internal temperature. Alternatively, if one or more detected temperatures are
below a desired range of temperature(s), the controller 50 can reduce the speeds of the
appropriate fans 18 to decrease air flow and, thus, to increase internal temperature(s) of the
servers 125 and the enclosure 100.

The controller 50 may be programmed to control and maintain air flow by controlling
the fans 18 to operate at about the same speed or different speeds. The speeds of each fan 18

may be relative to one or more detected temperatures of drawn-in and/or fan-exhausted air.
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Varying speeds of the fans 18 helps to remove and prevent hot spots in the servers 125 and
the enclosure 100. The temperature system may be programmed and operated remotely
through an interface 52 that operatively connects the temperature system to a remote control
system 54. The remote control system 54 may be programmed to monitor and to control
multiple internal and external environmental conditions of the servers 125 and the enclosure
100.

Referring to FIGS. 2-2A, 5A-5B, 7 and 11, assembly and placement of the exhaust air
fan unit 10 is relatively simple, can be performed quickly, and facilitates disassembly for
repair or replacement of parts. The fans 18 are screwed to the wall 24 of the housing 12. The
housing 12 with the mounted fans 18 is aligned with at least a portion of a perimeter of the
enclosure 100 to couple the housing 12 to the enclosure 100. The housing 12 is preferably
connected to the enclosure 100 with connectors 13, e.g., one or more hinged devices, such
that the fan unit 10 serves as part of a door of the enclosure 100. The hinged devices 13 can
permit the fan unit 10 to open from a first side and to pivot at another side at which the
hinged devices are disposed to help allow the fan unit 10 to open away from the enclosure
100 in a door-like manner and to provide access to the interior of the enclosure 100. The first
side of the fan unit 10 can include a fastener 15, e.g., a latch device, to help secure and to
close the fan unit 10 to the enclosure 100 by mating or coupling to a corresponding fastener
15 provided by the rack 115 and/or the enclosure 100. The housing 12 is preferably
connected to a side of the enclosure 100 from which the back side 110 of the rack 115 is
accessible. Power cords are connected to the power ports 102, 104, preferably to couple an
AC power source, e.g., a wall socket or an uninterruptible power supply outlet, to the port
102, and to couple a battery to the port 104. The sensors 305 can be operatively connected to

the controller 325. The exhaust port 16 of the housing 12 can be connected to the plenum 210
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via connection to the duct 225, and thereby connected to an air conditioning or cooling
system, as described above.

In operation, referring to FIG. 13, with further reference to FIGS. 2-2A, 4,7 and 11, a
process 400 for exhdusting air from the equipment 125, e.g., servers, and the enclosure 100
using the exhaust air fan unit 10 includes the stages shown. The process 400, however, is
exemplary only and not limiting. The process 400 can be altered, e.g., by having stages
added, removed or rearranged.

At stage 402, a user selects a speed at which each fan 18 should operate by manually
setting each fan 18 to a desired speed or by selecting or entering a desired fan speed in the
controller 325. The fan unit 10 is powered on to exhaust air from the equipment 125 and the
enclosure 100.

At stage 404, the rings 42 of fan blades turn, thereby drawing air through the rings 42.
The actions of the fans 18 draw exhaust air from the exhaust ports 117 of the equipment 125
and from the exhaust area 111b into the interior regions 46 of the fans 18. Drawn-in exhaust
air is forced by the fans 18 from the interior regions 46 by the fins or blades 44 into the ducts
20 of the fan unit 10. The drawing actions of the fans 18 help to lower a pressure in the
exhaust area 111b, which thereby reduces pressure differences between the inlet side 115a
and the vent side 115b of the rack 115 and helps to facilitate the equipment's 125 ability to
operate effectively, e.g., to draw sufficient cool air through the vents 118 and into the
equipment 125 to help to maintain an internal temperature of the equipment 125 within a
range of desired temperature(s).

At stage 406, the fans 18 push fan-exhausted air through the internal exhaust ducts 20
while the ducts 20 guide and channel fan-exhausted air substantially directly upward away
from the fans 18 to the exhaust port 16. The exhaust port 16 vents fan-exhausted air to an

area external to the housing 12 and the enclosure 100, e.g., ambient air space of a room
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containing the enclosure 100, or to the plenum 210, e.g., disposed in a dropped ceiling 200a,
to return air to the air cooling system 215 operatively coupled to the plenum 210.

At stage 408, one or more of the sensors 305 detects electric power drawn by the
equipment 125 in the rack 115. The one or more measured values of power load determine
whether the speeds of one or more of the fans 18 are to be increased and/or decreased, e.g.,
via the controller 50 receiving the one or more measured values of power load and the
controller 50 determining whether the air flow rate provided by the fans 18 should be
increased or decreased to accommodate the measured thermal exhaust air output.

At stage 410, the speeds of one or more appropriate fans 18 are increased and/or
decreased, e.g., via the controller 50 sending appropriate speed-control signals ‘to respective
inputs of the appropriate fans 18, relative to the one or more measured values of power load
of the rack 115 to thereby increase and/or decrease a rate of air flow from the servers 125 and
the enclosure 100.

Various advantages and/or benefits of the invention are provided. When connected to
the enclosure 100 and/or the rack 115, the fan unit 10 according to the invention helps to
enable the rack-mounted equipment 125, e.g., servers, to opera;ce effectively to draw
sufficient ambient air into the rack 115, e.g., via fans in the equipment 125, to help cool the
equipment 125 to within a desired range of temperature(s). By removing and containing
exhaust air vented by the equipment 125, the fan unit 10 helps to allow the equipment 125 to
operate effectively. The equipment 125 draws sufficient ambient air from the equipment
room 200 to meet its cooling requirements and thereby avoids a need for cooling air at low
temperatures, e.g., 55° F., to reduce its operating temperatures.

As shown in FIG. 1, prior art cooling systems and methods that supply cooling air
directly into a rack 8 to meet cooling requirements of equipment 7 typically rely on a closed

air circulation system and method to cool and to supply cold air directly into the rack 8. Such
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systems and methods typically employ a double or raised floor construction to maintain a
relatively low temperature of cooling air and to supply cooling air directly into the rack 8.
Cooling air, therefore, must be sufficiently cold, e.g., 55° F., in order to dilute hot and warm
exhaust air returned to the air cooling unit 14 (for cooling and recirculating to the rack 8), and
to effectively lower operating temperatures of the equipment 7.

Air cooling units used with raised floor systems and methods that provide cooling air
at low temperatures of 55° F. have relatively high energy requirements and can. be expensive
to operate and to maintain. In addition, cooling air at temperatures of about 55° F. can
produce undesirable effects. For instance, systems and methods that cool air to 55° F. supply
cold air with a low moisture content that typically requires moisture to be added to provide
air with sufficient humidity for use in equipment rooms and data centers. Systems and
methods that cool air to 55° F. can typically produce relatively large volumes of water
condensate that must be removed from equipment rooms and data centers and, thus, increase
equipment operating and maintenance costs.

Raised floor systems and methods are typically physically inflexible to meet new and
changing equipment needs within an equipment room and may require reconfiguration of the
equipment room and/or rearrangement and/or replacement of racks and/or enclosures.

In contrast, the fan unit 10 according to the invention and the exhaust system in which
the fan unit 10 can be integrated, as described above with reference to FIGS. 2-2A, help to
enable use of ambient air by the equipment 125 to meet its cooling requirements. The fan
unit 10 and the exhaust system help the equipment 125 operate effectively to draw sufficient
ambient air, e.g., ranging from about 60° F. to about 70° F., and preferably from about 60° F.
to about 65° F., to meet its cooling requirements.

By removing and containing exhaust air vented from the equipment 125, the fan unit

10 helps to enable the equipment 125 to operate effectively to cool itself during operation,
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e.g., by drawing a sufficient amount of air from ambient air space of the equipment room
200. As described above with reference to FIG. 2-2A, the fan unit 10 helps the equipment
125, e.g., fans in the equipment 125, overcome resistance to air flow through the rack 115 at
the inlet side 115a of the rack 155. The fan unit 10 helps to eliminate or to at least
minimize/reduce backpressure at the vent side 115b of the rack 115 to help fans in the
equipment 125 vents exhaust air. In addition, by removing exhaust air and thereby lowering
pressure at the vent side 115b of the rack 115, the fan unit 10 can help to eliminate or to at
least minimize/reduce pressure differences between the inlet side 115a and the vent side 115b
of the rack 115 that are created as a result of air flow resistance. The fans in the equipment
125 can then operate effectively during operation to draw sufficient air into the equipment
125 to cool the equipment 125 without a need to overcome air flow resistance. The fan unit
10, thereby, helps to prevent heat build-up and hot spots within the enclosure 100 and the
rack 114 by enabling the equipment 125 to operate effectively to cool.

In addition, by removing and containing exhaust air, the fan unit 10 helps to eliminate
a need for cooling air at low temperatures, e.g., 55° F., to lower operating temperatures of the
equipment 125 and/or to dilute exhaust air vented to the plenum 210. Rather, cooling
requirements of the equipment 125 can be met with ambient air. Eliminating a need for
cooling air at relatively low temperatures, e.g., 55° F., the cooling system 215 of the exhaust
system with which the fan unit 10 can be integrated, as shown in FIGS. 2-2A, can be
configured to cool and to supply air to the equipment room 200 in a range of about 60°F. to
about 70° F. The cooling system 215 consequently produces little or no water condensation
during operation. When the cooling system 215 supplies air at about 65° F., the air has
sufficient humidity for use in the equipment room 200 and no moisture needs to be added.

The fan unit 10 also helps to prevent or to at least minimize/reduce mixing of hot and

warm exhaust air with ambient air of the equipment room 200. The fan unit 10 also helps to
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prevent or to at least minimize/reduce undesirable recirculation of exhaust air to the inlet
vents 118 of the enclosure 100 and/or to the inlet side 115a of the rack 115. The fan unit 10
can further help to minimize/reduce a thermal gradient of inlet temperatures of ambient air
drawn into the rack 115 such that air drawn into a top portion and air drawn into a bottom
portion of the rack 115 have substantially similar inlet temperatures.

In addition, by removing and venting exhaust air from the equipment 125 and/or from
the equipment room 200, the fan unit 10 raises temperatures of exhaust air returned to the
cooling system 215, e.g., via the dropped ceiling plenum 210. Higher temperatures of return
air help to increase an efficiency of operation of the air cooling system 215 and help to
reduce a need for humidification of air circulated to a room in which the enclosure 100 is
located. Temperature of air supplied to the air cooling system 216 similarly can be higher.
Higher temperatures of supply air and return air help to improve and to increase an efficiency
of the air conditioning system 215, thereby helping to maintain low operating costs.

Control of a rate at which the fan unit 10 removes and vents exhaust air from the
enclosure 100 and/or the equipment room 200, e.g., via fan-speed, can be based on a power
load of the equipment 125 in the rack 115. As a power load of the equipment 125 relates to
the thermal output of the equipment 125, operating fan-speeds of the fans 18 are varied to
help prevent the fans 18 from operating at a rate greater or less than a rate required to help the
equipment 125 cool itself. Controlling fan speed, therefore, helps to avoid
increasing/decreasing air flow through the rack 115 to an undesirable rate. Controlling fan
speed can also help to eliminate or to at least minimize/reduce a risk of placing a burden on
the cooling system 215 and exceeding its capacity to handle large volumes of return air such
that the cooling system's 215 efficiency is reduced. In addition, in the context in which the
fan unit 10 is connected to the plenum 210 via connection to the dropped ceiling 200a or

connection to the ceiling tile 230, controlling fan speed and thereby controlling a rate at
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which air is exhausted through the duct 225 helps to prevent dislodging portions of the
ceiling 200a or the ceiling tile 230 during operation of the fan unit 10. |

Temperature control, as described above, can be suitable for communications and
information technology equipment that is housed in one or two racks and/or rack enclosures.
In this context, the fan unit 10 can be connected to a comfort air conditioner or system that
provides cool air to an equipment room in which the enclosure 100 is located as well as other
areas of a location. When a temperature setting of the air conditioner is changed or adjusted,
e.g., on week-ends when a need for cool air for comfort is reduced, the fan unit 10 can
respond to the change or adjustment of the temperature setting by increasing and/or
decreasing speed of the fans 18 to change or adjust air flow rate into the enclosure 100 to
thereby accommodate the changed or adjusted temperature setting.

Other embodiments are within the scope and spirit of the appended claims. For
example, other numbers of fans such as only one fan, or more than three fans, may be used in
the fan unit 10. A single power source can be coupled to the fan unit 10. The fan unit 10 can
be configured for use with any type of and/or size of rack or enclosure that contains and/or
supports equipment.

Having thus described at least one illustrative embodiment of the invention, various
alterations, modifications and improvements will readily occur to those skilled in the art.
Such alterations, modifications and improvements are intended to be within the scope and
spirit of the invention. Accordingly, the foregoing description is by way of example only and
is no%: intended as limiting. The invention’s limit is defined only in the following claims and
the equivalents thereto.

‘What is claimed is:
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CLAIMS

1. A system for exhausting air from an equipment enclosure and returning air to an
air conditioner, the system comprising:

an exhaust unit that couples to a back section of the equipment enclosure, the exhaust
unit having at least one duct to direct air to a top portion of the exhaust unit;

an exhaust duct that has a first end and a second end, the first end being constructed
and arranged to couple to the top portion of the exhaust unit; and

at least one fan contained within one of the exhaust unit and the exhaust duct to draw
air from within the equipment enclosure and out through the exhaust unit and through the

exhaust duct.

2. The system of claim 1, wherein the at least one fan includes a plurality of fans

contained within the exhaust unit.

3. The system of claim 2, wherein the exhaust unit forms a back door of the
equipment enclosure, and is constructed and arranged to replace an existing back door of the

equipment enclosure.

4. The system of claim 3, wherein the exhaust unit includes a corresponding duct for
each fan of the plurality of fans, with a first corresponding duct having a minimum cross-
sectional area approximately equal to a minimum cross-sectional area of a second
corresponding duct.

5. The system of claim 4, further comprising the equipment enclosure, and wherein

the equipment enclosure includes an internal frame to allow mounting of equipment in an
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equipment area formed by the internal frame, a top panel, a bottom panel, a first side panel, a
second side panel, and a front door having formed therein a number of openings to allow.air
drawn by the plurality of fans to by drawn through the openings, wherein the internal frame is
coupled to the top panel, the first side panel and the second side panel to provide a
substantially air tight seal so that substantially all air drawn through the openings in the front
door passes through the equipment area and into the exhaust u?it.

6. The system of claim 5, wherein the at least one fan is configured to operate at a

variable speed.

7. The system of claim 6, further comprising a controller coupled to the at least one

fan and constructed and arranged to control the variable speed of the fan.

8. The system of claim 7, wherein the controller controls the variable speed based on

power drawn by equipment contained in the equipment enclosure

9. The system of claim 7, wherein the controller controls the variable speed in

response to a temperature of air in one of the equipment enclosure and the exhaust unit.

10. The system of claim 6, further comprising at least one user control to allow a user

to control the variable speed of the at least one fan.

11. The system of claim 7, further comprising multiple power inputs and a circuitry

module coupling the power inputs to the at least one fan.
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12. The system of claim 11, wherein the circuitry module is configured to disconnect
a first of the power inputs from the at least one fan and connect a second of the power inputs

to the at least one fan in response to a loss of power at the first of the power inputs.

13. The system of claim 7, wherein the controller is constructed and arranged to
sense opening of the back door of the equipment enclosure and to switch the at least one fan

off when the back door is opened.

14. The system of claim 7, wherein the controller is constructed and arranged to
sense opening of the back door of the equipment enclosure and to control the at least one fan

to operate at maximum speed when the back door is opened.

15. The system of claim 7, wherein the controller is constructed and arranged to
detect a failure of one fan of the plurality of fans and to control an indicator to indicate the

failure.

16. The system of claim 7, wherein the controller is constructed and arranged to

communicate the failure to a device external to the equipment enclosure

17. The system of claim 2, wherein the exhaust duct is flexible, and wherein the
second end of the exhaust duct is constructed and arranged to mate with a ceiling tile to allow

exhaust air to be directed to an air plenum located above a ceiling.

18. The system of claim 1, wherein the at least one fan is configured to operate at a

variable speed.
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19. The system of claim 18, further comprising a controller coupled to the at least one

fan and constructed and arranged to control the variable speed of the fan.

20. The system of claim 19, wherein the controller controls the variable speed based

on power drawn by equipment contained in the equipment enclosure

21. The system of claim 19, wherein the controller controls the variable speed in

response to a temperature of air in one of the equipment enclosure and the exhaust unit.

22. The system of claim 18, further comprising at least one user control to allow a

user to control the variable speed of the at least one fan.

23. The system of claim 1, further comprising multiple power inputs and a circuitry

module coupling the power inputs to the at least one fan.
24. The system of claim 23, wherein the circuitry module is configured to disconnect
a first of the power inputs from the at least one fan and connect a second of the power inputs

to the at least one fan in response to a loss of power at the first of the power inputs.

25. The system of claim 1, further comprising multiple power inputs and a circuitry

module coupling the power inputs to the at least one fan.
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26. The system of claim 25, wherein the circuitry module is configured to disconnect
a first of the power inputs from the at least one fan and connect a second of the power inputs

to the at least one fan in response to a loss of power at the first of the power inputs.

27. A method for exhausting air from an equipment enclosure and returning air to an
air conditioner, the equipment enclosure having a front door and a back door, the method
comprising:

receiving air through openings in the front door of the enclosure;

drawing the air across equipment in the enclosure toward the back door of the
enclosure; ’

drawing the air toward an opening in the top of the back door and through an exhaust
duct to a ceiling plenum; and

returning the air to the air conditioner through the ceiling plenum;

wherein drawing the air across the equipment and toward an opening in the top of the

back door is accomplished using at least one fan mounted in one of the back door of the

enclosure and the exhaust duct.

28. The method of claim 27, wherein the air is directed through a plurality of door
ducts formed in the back door of the equipment enclosure using a plurality of fans such that

one fan is contained within one of the plurality of door ducts.

29. The method of claim 27, further comprising replacing the back door of the
enclosure with a replacement door having a plurality of door ducts formed in the replacement

door and having a fan mounted in each of the plurality of ducts, and coupling a first end of
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the exhaust duct to a top part of the replacement door, wherein each of the plurality of ducts

are configured to direct air towards the exhaust duct.

30. The method of claim 28, wherein each of the plurality of fans is configured to
operate at a variable speed, and wherein the method further includes controlling the variable
speed of each of the plurality of fans based on power drawn by equipment contained in the

equipment enclosure.

31. The method of claim 28, wherein each of the plurality of fans is configured to
operate at a variable speed, and wherein the method further includes controlling the variable
speed of each of the plurality of fans based on a temperature of air in one of the equipment

enclosure and the exhaust duct.

32. The method of claim 30, wherein each of the plurality of fans is configured to
operate from one of two power sources, and wherein the method further includes
disconnecting each of the plurality of fans from a first power source and connecting each of
the plurality of fans to a second power source upon detection of a failure of the first power

source.

33. The method of claim 32, further comprising switching each of the plurality of

fans off when the back door is opened.

34. The method of claim 32, further comprising controlling each of the fans to

operate at maximum speed when the back door is opened.
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35. The method of claim 32, further comprising providing an indication, detectable

by a user from outside the electronic enclosure, of the failure of the first power source.

36. The method of claim 32, further comprising coupling a second end of the exhaust

duct to a ceiling tile.

37. The method of claim 27, wherein the at least one fan is configured to operate at a
variable speed, and wherein the method further includes controlling the variable speed based

on power drawn by equipment contained in the equipment enclosure.

38. The method of claim 27, wherein the at least one fan is configured to operate at a
variable speed, and wherein the method further includes controlling the variable speed based

on a temperature of air in one of the equipment enclosure and the exhaust duct.

39. The method of claim 27, wherein the at least one fan is configured to operate
from one of two power sources, and wherein the method further includes disconnecting the at
least one fan from a first power source and connecting the at least one fan to a second power

source upon detection of a failure of the first power source.

40. The method of claim 39, further comprising providing an indication, detectable

by a user from outside the electronic enclosure, of the failure of the first power source.

41. The method of claim 29, further comprising coupling a second end of the exhaust

duct to a ceiling tile.
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42. A system for exhausting air from an equipment enclosure and returning air to an
air conditioner, the equipment enclosure having a front door and a back door, the system
comprising:

an exhaust duct that has a first end and a second end, the first end being constructed
and arranged to couple to a top portion of the equipment enclosure; and

means, contained within one of the exhaust duct and the equipment enclosure, to draw

air out of the equipment enclosure and through the exhaust duct.

43, The system of claim 42, wherein the means to draw air includes a plurality of
variable speed fans mounted in the back door, and wherein the system further includes means
for controlling the variable speed of each of the plurality of fans based on power drawn by

equipment contained in the equipment enclosure.

44. The system of claim 42, wherein the means to draw air includes a plurality of
variable speed fans mounted in the back door, and wherein the system further includes means
for controlling the variable speed of each of the plurality of fans based on a temperature of air

in one of the equipment enclosure and the exhaust duct.

45. The system of claim 43, wherein each of the plurality of fans is configured to
operate from one of two power soufces, and wherein the system further includes means for
disconnecting each of the plurality of fans from a first power source and connecting each of
the plurality of fans to a second power source upon detection of a failure of the first power
source.

46. The system of claim 45, further comprising means for switching each of the

plurality of fans off when the back door is opened.
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47. The system of claim 45, further comprising means for controlling each of the fans

to operate at maximum speed when the back door is opened.

48. The system of claim 45, further comprising means for pfoviding an indication,
detectable by a user from outside the electronic enclosure, of the failure of the first power

source.

49. The system of claim 48, further comprising means for coupling a second end of
the exhaust duct to a ceiling tile to allow exhaust air to return to the air conditioner through a

ceiling plenum.

50. The system of claim 42, wherein the means to draw air includes a plurality of
fans, and wherein each of the plurality of fans is configured to operate from one of two power
sources, and wherein the system further includes means for disconnecting each of the
plurality of fans from a first power source and connecting each of the plurality of fans to a

second power source upon detection of a failure of the first power source.

51. The system of claim 42, wherein the means to draw air includes a plurality of
fans, and wherein the system further includes means for switching each of the plurality of

fans off when the back door is opened.

52. The system of claim 42, wherein the means to draw air includes a plurality of
fans, and wherein the system further includes means for controlling each of the fans to

operate at maximum speed when the back door is opened.
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53. The system of claim 50, further comprising means for providing an indication,
detectable by a user from outside the electronic enclosure, of the failure of the first power

source.

54. The system of claim 42, further comprising means for coupling a second end of
the exhaust duct to a ceiling tile to allow exhaust air to return to the air conditioner through a

ceiling plenum.

55. A air exhaust system for use with an enclosure containing equipment, the system
comprising:

a housing defining a chamber, an exhaust port in a top of the housing, and at least one
intake port, the at least one intake port being configured to provide fluid communication
between the chamber and a volume of air external to the housing, the housing being
configured to couple to the enclosure such that the housing is adjacent to a first portion of the
enclosure on a first side of the equipment from which the equipment vents air; and

at least one fan disposed within the chamber and coupled to the at least one intake
port such that the fan is in fluid communication with the chamber and with the equipment, the
fan being configured to draw air through the at least one intake port from the first side of the
equipment,

the at least one fan being further configured to force the drawn-in air into an exhaust
duct provided by the housing, the exhaust duct being configured to channel fan-exhausted air
from the fan to the exhaust port in a substantially parallel orientation to the first side of the

equipment.
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56. The system of claim 55 wherein the exhaust duct corresponding to a first fan of
the at least one fan and an exhaust duct corresponding to a second fan of the least one fan are
configured and arranged in the chamber such that the exhaust duct of the first fan and the

exhaust duct of the second fan about equally impede the fan-exhausted air.

57. The system of claim 56 wherein the exhaust duct corresponding to the first fan
includes a minimum cross-section about equal to a minimum cross-section of the exhaust

duct corresponding to the second fan.

58. The system of claim 56 wherein the first fan draws air and forces the drawn-in air
into its corresponding exhaust duct at a rate about equal to a rate at which the second fan

draws air and forces the drawn-in air into its corresponding exhaust duct.

59. The system of claim 55 wherein the at least one fan is further configured to draw

cool air from outside of the enclosure into the enclosure and across the equipment.

60. The system of claim 55 wherein the housing forms a part of a door of the

enclosure.

61. The system of claim 55 further comprising multiple power inputs and a circuitry

module electrically coupling the power inputs to the at least one fan.

62. The system of claim 61 wherein the circuitry module is configured to disconnect
a first of the power inputs from a first fan and connect a second of the power inputs to the

first fan in response to a loss of power on the first power input.
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63. The system of claim 55 wherein the at least one fan is configured to operate at a

variable speed.

5 64. The system of claim 63 wherein the at least one fan is electrically coupled to a
controller, the controller being configured to adjust the variable speed of the fan in response

to at least one of a temperature of the drawn-in air and a temperature of the fan-exhausted air.

65. The system of claim 64, wherein the at least one fan is electrically coupled to a
10  controller, the controller being configured to adjust the variable speed of the fan based on a

quantity of power drawn by equipment in the enclosure.

66. An enclosure for containing equipment comprising:
15 a frame configured to support the equipment in the enclosure;
a door coupled to the frame, the door having at least one internal duct with an exhaust
port; and
means for drawing air across the equipment into the at least one internal duct and out
the exhaust port.
20
67. The enclosure of claim 66 wherein the exhaust port is configured in a top of the

door.
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68. The enclosure of claim 66 wherein the means for drawing air includes at least one
fan disposed in and coupled to the at least one internal duct such that the at least one internal

duct and the equipment are in fluid communication.

69. The enclosure of claim 68 wherein the fan is configured to operate at a variable

speed.

70. The enclosure of claim 68 further comprising multiple power inputs and a
circuitry module electrically coupling the power inputs to the at least one fan wherein the
circuitry module is configured to disconnect a first of the power inputs to the at least one fan
and connect a second of the power inputs to the at least one fan in response to a loss of power

on the first power unit.

71. The enclosure of claim 68 wherein the at least one fan is operatively coupled to a
controller, the controller being configured to adjust a speed of the at least one fan in response
to at least one of a temperature of air in the at least one fan and a temperature of air in the at

least one internal duct.

72. The enclosure of claim 68, wherein the at least one fan is operatively coupled to a
controller, the controller being configured to adjust a speed of the at least on fan based on a

quantity of power drawn by equipment contained in the enclosure.

73. The enclosure of claim 68 wherein the internal duct corresponding to a first fan of

the at least one fan and an internal duct corresponding to a second fan of the at least one fan
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are configured and arranged in the door such that the internal duct of the first fan and the

internal duct of the second fan about equally impede fan-exhausted air.

74. The enclosure of claim 68 wherein the internal duct corresponding to a first fan of
the at least one fan includes a minimum cross-section about equal to a minimum cross-section

of an internal duct corresponding to a second fan of the at least one fan.

75. The enclosure of claim 68 wherein a first fan of the at least one fan draws air and
forces the drawn-in air into a first of the at least one internal duct at a rate about equal to a
rate at which a second fan of the at least one fan draws air and forces the drawn-in air into a

second of the at least one internal duct.

76. The enclosure of claim 68 further comprising a means for detecting at least one of
a temperature of air in the at least one fan and a temperature of air in the at least one internal

duct.

77. A method for cooling equipment contained in an enclosure, the equipment being
configured and arranged in the enclosure to vent air to a first portion of the enclosure on a
first side of the equipment, the method comprising:(

drawing air from a second portion of the enclosure on a second side of the equipment;

drawing air from the first portion of the enclosure on the first side of the equipment;

forcing the air into a duct provided by a housing; the housing coupled with the
enclosure such that the duct and the first side of the equipment are in fluid communication;
guiding the air through the duct to a top of the housing; and

venting the air from the top of the housing to an area external to the enclosure.
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78. The method of claim 77 wherein the drawing air includes pulling cool air from

outside of the enclosure into the enclosure and across the equipment.

79. The method of claim 77 wherein venting the air from the top of the housing

includes venting air from an exhaust port configured in the top of the housing.

80. The system of claim 1, wherein the second end of the exhaust duct is constructed
and arranged to allow exhaust air to be directed above the exhaust duct, and wherein the
second end of the exhaust duct is substantially aligned with one or more openings defined in
one of a ceiling or a ceiling tile to allow exhaust air to be directed to an air plenum above the

ceiling.
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